The purpose of the study was to compare endurance time and accompanying 29 neuromuscular adjustments when left-and right-handed subjects used the dominant and non-30 dominant arms to sustain submaximal contractions that required either force or position control.
INTRODUCTION

50
The preferential use of one arm during motor tasks is known as hand dominance and 51 defines the handedness of an individual. A right-handed individual, for example, tends to use the 52 right hand to perform most activities of daily living, such as writing, throwing, using scissors, 53 brushing teeth, cutting with a knife, eating with a spoon, striking a match, and opening a box. 
98
The goal of the present study was to compare endurance time and accompanying 99 neuromuscular adjustments when left-and right-handed subjects used the dominant and non-100 dominant arms to sustain submaximal contractions that required either force or position control.
101
Based on the dynamic dominance model, the hypothesis was that endurance times would be 102 longer during force control relative to position control, less for the dominant arm than the non- 
107
METHODS
108
Twenty healthy adults (23 ± 4 years; 10 left-handed, 15 men) participated in the study. A 109 modified version of the Edinburgh Handedness Inventory (Oldfield 1971) based on ten everyday 110 tasks was used to quantify handedness with a laterality quotient (LQ). The LQ scores ranged 111 from 40 to 100, with 100 denoting a complete preference for one hand across the ten tasks. Left-112 handed subjects had lower LQ scores compared with right-handed subjects (75.5 ± 21.9 vs. 94 ± 113 8.1%, respectively, P = 0.03). The two groups of participants were similar in height (P = 0.72) 114 and body mass (P = 0.49): left handers, 182 ± 9.2 cm and 76.4 ± 12.9 kg; right handers, 181 ± 115 6.4 cm and 81.5 ± 19.0 kg. All subjects completed a general health screening and did not report 116 any neurological diseases or cardiovascular disorders. Moreover, all subjects reported moderate 117 6 levels of structured physical activity (2-4x/wk) except for one left-handed and two right-handed 118 subjects who exercised more often (>4x/wk). The Human Subjects committee at the University 119 of Colorado Boulder approved the protocol. All subjects provided informed, written consent 120 prior to participating in the study. The experimental design and procedures were similar to those 121 described previously (Rudroff et al. 2007 (Rudroff et al. , 2011 . were digitized at a rate of 1,000 samples/s.
196
Heart rate and mean arterial pressure (MAP) were recorded during the sustained 
213
The rates of change in MAP, heart rate, RPE, and coefficient of variation for force during each 
216
Maximal EMG data were recorded prior to the fatiguing contraction in each session.
217
EMG data were rectified and a 1-s window was advanced through the EMG signal to identify the Statistical analysis 227 The independent variables were the task (force and position), time, muscle (elbow 228 flexors, elbow extensors, and accessory), handedness (left-and right-handed), and dominance
229
(dominant and non-dominant). The dependent variables were endurance time, MAP, heart rate, 230 RPE, coefficient of variation for force, and aEMG amplitude. Three-factor ANOVAs (task, 231 dominance, handedness) with repeated measures for task and dominance were used to compare 232 endurance time, MAP, heart rate, RPE, coefficient of variation for force, and aEMG amplitude. The significance level for all statistical tests was set at P = 0.05. Data are reported as 255 means ± SD (standard deviation) within the text, and displayed as means ± SE (standard error) in 256 figures.
257
RESULTS
258
The initial elbow flexor MVC forces were similar for the force and position tasks (P = 259 0.27), left-and right-handed subjects (P = 0.13), and the dominant and non-dominant arms (P = (Table 1 ). There were no differences (P = 0.42) 265 in handgrip strength for the dominant and non-dominant arms of the left-(44 ± 13 and 45 ± 13 266 kg, respectively) and right-handed subjects (44 ± 8 and 44 ± 9 kg).
267
[ There was no statistical difference (P = 0.94) in endurance time for the dominant (311 ± 270 127 s) and non-dominant arms (309 ± 137 s) ( Table 2 ). In contrast, endurance time was longer 271 for the force task (367 ± 133 s) than for the position task (253 ± 103 s) (task main effect; P < 272 0.001), and for left-handed subjects (348 ± 142 s) than for right-handed subjects (271 ± 142 s)
273
(handedness main effect; P = 0.04). However, an analysis of covariance (ANCOVA) with initial 274 MVC force as a covariate revealed no difference in endurance time for left-and right-handed 275 subjects (P = 0.18).
276
[ There were no significant interactions for endurance time (P ≥ 0.07), indicating that (Fig. 4) . Although elbow flexor aEMG amplitude was greater for left-handed 293 subjects (25.1 ± 9.7 % MVC) than for right-handed subjects (21.2 ± 8.3 % MVC) (handedness 294 main effect; P = 0.03), the rates of increase were similar across handedness conditions (P = 295 0.49). Additionally, rates of increase in aEMG for triceps brachii were similar for left-(1.002 ± 296 0.0005 % MVC/s) and right-handed subjects (1.002 ± 0.0004 % MVC/s) (P = 0.996), which 297 resulted in similar rates of increase in coactivation ratios for left-(0.00007 ± 0.0005) and right-298 handed subjects (-0.0005 ± 0.0005) (P = 0.44). The rates of increase in the aEMG for the 299 posterior deltoid muscle were similar for left-and right-handed subjects (P = 0.998), but a task-300 by-handedness interaction indicated that posterior deltoid aEMG for left-handed subjects (13.5 ± 301 9.2 % MVC) was greater than that for right-handed subjects (7.6 ± 5% MVC) (post hoc, P < 302 0.001) during the force task.
303
[ Figure 4] 
304
The aEMG for the elbow flexor muscles was greater for the dominant arm (24.7 ± 9.1% 305 MVC) than the non-dominant arm (21.6 ± 9.1% MVC) (P = 0.03), which can be attributed to the 
Force fluctuations
317
The coefficient of variation for the force applied to the load at the beginning of the 318 fatiguing contractions was greater for the force task (2.79 ± 2.49%) than for the position task
319
(1.33 ± 1.27%; P < 0.001) and for left-handed subjects (2.59 ± 2.2%) relative to right-handed 320 subjects (1.53 ± 1.86%; P = 0.023), but there was no difference in the initial value between arms 321 (dominant: 2.17 ± 2.52%; non-dominant: 1.95 ± 1.57%; P = 0.56). The coefficients of variation (Fig. 5) . A task-by-time interaction (P < 0.001) indicated that the coefficient of 324 variation for force increased a faster rate during the position task (100.6 ± 0.31 %/s) than the 325 force task (100.3 ± 0.21 %/s; P < 0.001) (Fig. 5A) . The rates of increase in the normalized 326 coefficients of variation for force were similar for left-(100.4 ± 0.3 %/s) and right-handed 327 subjects (100.5 ± 0.27 %/s; P = 0.173; Fig. 5B ) and for the dominant (100.4 ± 0.23 %/s) and 328 non-dominant arms (100.5 ± 0.32 %/s; P = 0.09; Fig. 5C ).
329
[ Figure 5] 
330
MAP, heart rate, and RPE
331
MAP, heart rate, and RPE (time main effects, P < 0.001) increased during the fatiguing 332 contractions. MAP was similar at the beginning of the force and position tasks (100 ± 16 and 99
333
± 16 mmHg, respectively) and at the end (129± 18 and 128 ± 17 mmHg, respectively; post hoc 334 tests, P > 0.84). The rate of increase in the MAP was greater for the position task (1.0007 ± 335 0.0005 mmHg/s) than for the force task (1.001 ± 0.0007 mmHg/s) (task main effect; P = 0.03).
336
Heart rate was similar at the beginning (87 ± 12 and 91 ± 10 beats/min, respectively) and end 337 (111± 18 and 106 ± 16 beats/min, respectively; post hoc tests, P > 0.07) of the tasks, and 338 increased at a similar rate during the two tasks (P = 0.78). RPE was similar at the start of the 339 force and position tasks (3.3 ± 1.3 and 3.4 ± 1.2, respectively; P = 0.56) and, as indicated by the 340 task-by-time interaction (P = 0.01), increased at a greater rate during the position task (0.022 ± 341 0.007 RPE/min) than the force task (0.018 ± 0.006 RPE/min, P = 0.002).
342
The rates of increase in mean arterial pressure (P = 0.38) and heart rate (P = 0.95) were 343 similar for left-and right-handed subjects. The rate of increase in RPE, however, was greater for 344 right-handed subjects (0.03 ± 0.007 RPE/min) than for left-handed subjects (0.017 ± 0.009 345 RPE/min, P = 0.015). The rates of increase in MAP, HR, and RPE (P ≥ 0.19) were similar for 346 the dominant and non-dominant arms.
347
There were no significant interactions for either MAP (P ≥ 0.22) or RPE (P ≥ 0.54).
348
However, there were significant interactions between task, handedness, and time for HR (P = 349 0.01) and between task and handedness for rate of increase in HR (P = 0.03). Post hoc analyses 350 indicated similar rates of increase across conditions (P ≥ 0.14).
351
Predictions of endurance time
352
The independent variables were entered into multiple linear regression analyses to predict supported by a strong association between the two tasks for dominant and non-dominant arms of 389 right-handed subjects, but not for left-handed subjects (Fig. 2) . Second, despite strong Previous studies have found that the characteristics of both force and muscle activation 401 differ between left-and right-handed subjects when they perform brief, steady contractions. Means ± SD. *P < 0.05 compared across conditions.
